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Although economic activity in the U.S. economy has grown, be it slowly, since the summer of 2009, the unemployment rate has remained stubbornly high. This continued high level of unemployment is especially puzzling in light of the fact that, during the same period, U.S.
employers have started to post substantially more vacancies. 1 Historically, there has been a tight negative relationship between the unemployment rate and the job openings rate. This relationship is known as the Beveridge curve. However, since the summer of 2009, this relationship seems to have broken down.
2 In August 2011 the unemployment rate was 2.3
percentage points above its level implied by the Beveridge curve.
In this study we decompose the gap between the actual unemployment rate and that implied by the Beveridge curve into different parts using data from the Job Openings and Labor Turnover Survey (JOLTS).
The Beveridge curve can be interpreted as the job openings rate at which the current unemployment rate would be in its flow steady state. This steady state of the unemployment rate is that for which, at the current rates at which workers move between employment, unemployment, and non-participation, the unemployment rate would not change. In order to implement our decomposition, we construct the Beveridge curve by solving a fitted flow-steady-state equation using data on job openings, hires, layoffs and quits from JOLTS as well as data on entry and exit from the labor force from the CPS. The Beveridge curve that we construct in this way fits the pre-
2007-recession data very well.
We then use the estimated flow-steady-state equation to derive an approximate additive decomposition of deviations of the unemployment rate from the Beveridge curve into parts due to hires per vacancy, layoffs, quits, as well as labor force entry and exit. We find that the current Beveridge curve gap is almost fully attributable to an unexplained shortfall in the vacancy yield, i.e.
the number of hires per vacancy, while a lower than expected quits rate reduces the gap.
We further decompose the Beveridge curve gap to consider which industries account for the unexplained decline in the vacancy yield, as well as for the behavior of the quit and layoff rates.
The result of this industry decomposition is that the shortfall in the vacancy yield is widespread across all industries. The vacancy yield deficit is particularly pronounced in construction, manufacturing, trade and transportation, leisure and hospitality, as well as in the industries not classified in JOLTS. From June 2011 through August 2011, the difference between the observed and predicted hires per vacancy in construction alone accounted for more than 0.8 percentage point of the 2.6 percent by which the actual unemployment rate exceeded that implied by the Beveridge curve.
Of course, our decomposition is merely an accounting exercise and does not directly provide any explanations for the deviations of the flow rates from their predicted levels. We discuss some potential explanations as well as how the shift in the Beveridge curve may translate into a higher natural rate of unemployment in the final part of this article.
JOLTS-based Beveridge curve
Due to the high level of worker and job flows, the U.S. labor market has such fast dynamics that it very quickly tends towards its flow steady state. 3 Given this observation about U.S. labor markets, the Beveridge curve is often interpreted as the vacancy rate at which, for a given unemployment rate, the unemployment rate is in its steady state. We also use a similar interpretation in this paper.
However, contrary to most studies of the Beveridge curve, which focus on the flow rates derived from labor market status flows, we use the JOLTS hiring, layoffs, and quits rates for defining steady-state unemployment.
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The unemployment rate, is in steady state whenever the growth rate of the labor force, which we denote by ( ) , equals the growth rate of employment, denoted by ( ) . 5 To derive a Beveridge curve from this steady-state condition, we have to relate these growth rates to the vacancy and unemployment rates. We do so by considering the gross flows that underlie these growth rates.
First, the growth rate of the labor force ( ) is given by , the number of people who enter the labor force in a month as a fraction of the number of people in the labor force at the beginning of the month, minus , the number of people who exit the labor force in a month divided by the number of people in the labor force at the beginning of the month. We measure both and from the CPS labor market status flows.
Secondly, the growth rate of employment, ( ) , can be measured using JOLTS. 6 Employment growth equals hires as a fraction of employment at the beginning of the month, minus quits and layoffs as a fraction of that same employment level. 7 This insight allows us to write the growth rate of employment in terms of the hires, quits, and layoffs rates reported in JOLTS. We denote the latter two by and .
It is possible to rewrite the hires rate in terms of the job openings rate, , and the number of hires per vacancy, . We do so to be consistent with the prevailing methodology of estimating an empirical matching function, which focuses on the vacancy yield as a function of the ratio of the job openings and unemployment rates, for the construction of the empirical Beveridge curve.
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Now that we have measures of the gross flows that drive both ( ) and ( ) , we introduce the job openings rate and unemployment rate into the steady-state condition for unemployment by estimating how the five flows we measure, i.e. , , , , and , depend on the ratio of the job openings rate to the unemployment rate, the ( / )-ratio. In a strong labor market there are relatively few unemployed and many vacancies and the ( / )-ratio is high; the reverse is the case in a weak labor market. Therefore, we use the ( / )-ratio as a cyclical indicator of labor market tightness in order to capture the "normal" cyclical behavior of the five flows. 9 Specifically, we regress the loglevel of each of the flows on the log of the ( / )-ratio. For these regressions we use monthly seasonally adjusted data that cover the pre-recession sample starting from December 2000, the beginning of JOLTS, until the beginning of the recession. The results of the regressions are reported in Table 1 .
The table reveals the following facts. First of all, the vacancy yield moves most closely together with the ( / )-ratio. Fluctuations in labor market tightness, i.e. the ( / )-ratio, explain about 88% percent of the fluctuations in the vacancy yield. The estimated elasticity of -0.41 is in line with commonly used models of search frictions in the labor market that assume that the probability of filling a vacancy is decreasing in the ( / )-ratio. Quits depend negatively on labor market tightness.
When there are many job openings, workers are more likely to make job-to-job transitions. 10 This is reflected by the 0.26 elasticity of the quit rate with respect to labor market tightness. The variation in the latter explains two-thirds of the variation in the quits rate. Layoffs as a fraction of employment tend to decrease in tight labor markets. However, the link between labor market tightness and layoffs is less than for the other two employment flows. In fact, layoffs tend to lead movements in the ( / )-ratio (panel (b), Figure 1 ).
The three panels in Figure 1 plot the actual and fitted vacancy yields, layoffs rates, and quits rates. This is largely because, as can be seen from the last two columns of Table 1 , fluctuations in labor market tightness do not have any significant explanatory power for these flows.
The estimated flow rate functions now allow us to define the JOLTS-based Beveridge curve as follows. For a given level of job openings rate, , the Beveridge curve is given by the level of the unemployment rate for which our estimated flow rate equations imply that unemployment is in steady state--i.e. such that the fitted labor force growth rate equals the fitted employment growth rate. As can be seen from the figure, the estimated Beveridge curve does not only provide a good fit for the pre-recession observations but also for some of the observations during the recession.
Note that our methodology does not rely on any regression of the job openings rate on the unemployment rate, but instead infers the Beveridge curve using a flow-steady-state unemployment relationship from the job openings rate based on separately fitted flow rates reported in JOLTS.
The real anomaly here is the deviation from the Beveridge curve that occurred during the recovery. Since July 2009 the job openings rate has risen from 1.7% to 2.3%. However, during that same period the unemployment rate has not fallen as much as the Beveridge curve would imply. It actually initially increased from 9.4% to 10.1% and has since come down to 9.1% in August 2011.
The result is that, at the August 2011 job openings rate, the actual unemployment rate was 2.3 percentage points higher than the one implied by the Beveridge curve. We refer to this as the Beveridge curve gap. In the rest of this study we decompose this gap into different parts that contribute to it.
Decomposing the Beveridge curve gap
For a given job openings rate, we define the Beveridge curve as the unemployment rate for which our fitted flow rates imply that the unemployment rate is in steady state. However, as we show in Figure 1 , we are seeing large deviations of the flow rates from their fitted levels. This is especially true for the vacancy yield and quits rate.
In this section we analyze to what extent these deviations from the fitted flow rates contribute to the Beveridge curve gap. In order to do so, we use an approximate additive decomposition. 12 We use the approximation technique to find the answer to the following type of question.
The August 2011 level of the vacancy yield, , is 27% percent lower than that implied by the estimates reported in Table 1 . At the current job openings rate, to what extent is the rise in the steady-state unemployment rate relative to the fitted Beveridge curve explained by the 27% shortfall in hiring?
The answer to this question can be interpreted as the part of the Beveridge curve gap attributable to the current shortfall in the vacancy yield relative to its historical pattern. We can answer this type of question not only for the vacancy yield, but also for the layoffs rate, quits rate, and for the labor force entry and exit rates.
The result is an approximate additive decomposition of the Beveridge curve gap. It decomposes the gap into parts due to deviations of the five actual flow rates from their fitted values as well as a residual part. The residual reflects two main sources of approximation error. The first is that, in order for our decomposition to be additive, we are using a linear approximation. The second is that the actual unemployment rate might not be in steady state.
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To smooth out some of the month-to-month fluctuations we report the results of our decomposition in terms of three-month moving averages. The decomposition of the average Beveridge curve gap in the latest three months in our sample is reported in Table 2 . On average from June 2011 through August 2011 the unemployment rate was 2.6 percentage points higher than the level implied by the Beveridge curve.
On the labor force growth side, the contributions of the gross flows offset each other. The
Beveridge curve gap is due to the flows that drive net employment growth.
Because both layoffs and quits are below their fitted values we find that they are less than expected and actually contribute negatively to the Beveridge curve gap, by 1.4 and 0.9 percentage points respectively. That is, if layoffs and quits were at their expected levels based on the estimates in Table 1 then more persons would flow into unemployment and this would raise the unemployment rate. The reduction in these flows suppresses the unemployment rate and thus reduces the Beveridge curve gap.
The negative contributions of the layoffs and quits rates are more than offset by the contribution of the shortfall in the vacancy yield. When fewer persons are hired out of unemployment for a given job openings rate more persons remain unemployed and this raises the unemployment rate. This is why the 27% shortfall in the vacancy yield, depicted in panel (a) of Figure 1 , translates into a 4.0 percentage point positive contribution to the Beveridge curve gap. Thus, the 2.6 percentage point gap is more than fully accounted for by the unprecedented shortfall in hires per job opening.
Finally, the residual part is 0.9 percentage points. This is partly due to the linear approximation method used and partly due to the unemployment rate being above its flow steady state.
The two panels of Figure 3 show the decomposition of the Beveridge curve gap over time, from the beginning of JOLTS to the latest observation in our sample. Panel (a) of the figure shows the Beveridge curve gap and its employment growth flow determinants. The shortfall in the vacancy yield started before any significant increase in the Beveridge curve gap and even before the spike in the layoff rate signaled the beginning of the major downturn in the labor market. Initially, the reduction in hiring per job opening was mostly offset by a decline in quits. However, during the second half of 2008, at the height of the financial crisis, the shortfall in hires per vacancy increased so rapidly that it was not offset by quits but instead caused a very negative residual.
This can be seen from panel (b) of Figure 3 , which plots the contributions of the labor force growth flows and of the residual. This suggests that, during the second half of 2008, the unemployment rate was substantially below its steady-state value. That is, labor market fundamentals were deteriorating so quickly that, in spite of the rapid dynamics of the U.S. labor market, the observed unemployment rate took about half a year to catch up with the new steady state.
To summarize, we have established that, at the aggregate level, deviations from employment growth flows measured in JOLTS, account for the bulk of the Beveridge curve gap and that the gap is mostly fueled by a shortfall in hires per vacancy. The next step is to consider which industries contribute most to the deviations of the observed vacancy yield, quits rate, and layoffs rate from their fitted values.
Decomposing deviations from fitted flow rates by industry
In order to decompose the deviations from fitted flow rates by industry, we first construct predicted industry level vacancy yields, layoffs rates, and quits rates. Just like for the aggregate flow rates, we estimate the industry-specific flow rates as a function of the ratio of the vacancy rate and the unemployment rate. To control for specific effects in the labor markets within which the industries operate we also include the ratio of job openings in the industry, to the number of unemployed persons who where last employed in the industry, . Here indexes the industries.
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In particular, we use data for the seven main industries for which JOLTS reports seasonally adjusted job openings, layoffs, and quits. These industries are: (i) construction, (ii) manufacturing, (iii) trade, transportation and utilities, (iv) professional and business services, (v) education and health services, (vi) leisure and hospitality, and (vii) government. We construct data for the residual industry, "other", by subtracting the data for the 7 industries from those reported for the total economy.
Mirroring our aggregate analysis, we use the pre-recession sample to fit the flow rates. Table 3 reports the estimates of the parameters for the fitted flow rates by industry. Not surprisingly, since the aggregate flow rates are share-weighted averages of the industry flow rates, the main picture from Table 1 also applies industry-by-industry.
The vacancy yield is most responsive to the degree of labor market tightness, except for the government sector. For each of the private sectors, labor market tightness explains more than twothirds of the variance of their vacancy yields. Quits also tend to respond quite elastically to the strength of the labor market, except in construction and manufacturing. In all other sectors workers are more likely to quit during a strong labor market. The strength of the labor market explains between approximately one quarter and one half of the variance of industry quits rates. This fraction is lowest for layoffs. A notable exception is manufacturing.
The results of our decomposition by industry of the deviations of the aggregate vacancy yield, layoffs rate, and quits rate from their fitted values are presented in Table 4 . This table is split up in two parts.
Part A of the table shows how much the actual flow rates deviate from their fitted values, both for the total economy as well as for each of the industries. Reported are the average deviations for the last three months in our sample. From column II it can be seen that in all sectors fewer workers quit than would be expected by the current strength of the job market. This shows that the aggregate 13% shortfall in the quits rate is broad-based. Quits are especially low in construction and manufacturing. Column III reveals that in all sectors hires per vacancy are lower than implied by the regression results reported in Table 3 . Hires per vacancy are especially low in construction, manufacturing, and the unclassified sectors. The latter include finance and real estate. Finally, the picture for layoffs rates is mixed. The most notable feature of current layoffs rates is the high level of layoffs in manufacturing and construction.
The bottom line of Table 4 , and of this paper, is presented in part B. For each sector, it shows how much the deviations of its layoffs rate, quits rate, and vacancy yield from their predicted values contribute to the aggregate Beveridge curve gap. Column VII of the table adds the contributions of these three rates up for each of the industries.
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From this part it can be seen that the biggest contributors to the Beveridge curve gap are the vacancy yield deficits in construction, trade and transportation, leisure and hospitality, and "other"
sectors. This last category contains finance, insurance, and real estate. Education and health services as well as professional and business services do not seem to contribute much to the Beveridge curve gap. In fact, the latter industry actually reduces the gap. The industry that contributes most to the gap is construction, which is shifting the Beveridge curve right by more than a percentage point.
Interpretation of results
Thus far, we have shown that a broad-based shortfall in the vacancy yield, in particular in construction, is the main culprit behind the current Beveridge curve gap. Here we focus on the potential causes of the low number of hires per vacancy.
The first potential cause is a mismatch between job openings and the unemployed. If the pool of unemployed persons has very different qualifications than those required for the job openings posted then it would be harder to fill these openings relative to other times when this degree of mismatch is less severe. The problem is that currently the only property of a job opening reported in JOLTS is which industry is posting it. Measures of mismatch based on JOLTS data show that industry mismatch initially increased at the onset of the recession but then rapidly reverted to levels only slightly higher than before the recession. The potential increase in mismatch is of most concern because it suggests that the shift in the Beveridge curve might be very persistent, potentially leading to an increase in the natural rate of unemployment. 19 For this discussion about the natural rate, several points are important to realize.
First, permanent changes in the constant terms in the regressions reported in Table 1 do not imply a uniform rightward shift of the Beveridge curve. To illustrate this, we have constructed a new Beveridge curve assuming that the average deviations of these intercepts during the last three months in our sample from their estimated values are permanent.
This hypothetical "new" Beveridge curve is plotted in Figure 4 . At the 2.3% job openings rate that prevailed in August 2011, the outward shift of the "new" Beveridge curve relative to the fitted historical one is 2.1 percentage points. At a 2.9% percent job openings rate, the average over the pre-2007-recession period, the shift is 1.9 percentage points. At a 4.0% job openings rate the shift is natural rate of job openings. On the "new" Beveridge curve, this 3% job openings rate coincides with a 6.6% percent unemployment rate. However, most equilibrium models of frictional unemployment 21 suggest that the natural vacancy rate increases when the Beveridge curve shifts out. Suppose that the new natural job openings rate were 3.5% instead of 3%. On the "new"
Beveridge curve this would imply a 5.7% natural rate of unemployment rather than the 6.6% associated with the lower vacancy rate.
Hence, one has to be very careful when trying to translate the measured shift in the Beveridge curve in terms of a shift in the natural rate of unemployment. First of all, the current shift in the Beveridge curve is in all likelihood largely temporary. Secondly, even if it was persistent, the shift at the current level of the job openings rate is higher than at any plausible new natural vacancy rate.
Finally, there are no good estimates of how the natural job openings rate changes when the 
Conclusion
In August 2011, the unemployment rate exceeded the level implied by its historical relationship with the job openings rate by 2.3 percentage points. This is what we call the Beveridge curve gap.
In this paper we constructed a Beveridge curve based on estimated relationships between flow rates reported in JOLTS and the job openings to unemployment ratio, which we used as a measure of labor market tightness. This Beveridge curve fits the pre-2007-recession data remarkably well.
Moreover, the estimated flow rates allow us to decompose deviations from the Beveridge curve into parts due to deviations of the job-flow rates from their predicted levels.
Our decomposition reveals that most of the current deviation from the Beveridge curve can be attributed to a shortfall in the vacancy yield, which measures hires per vacancy. This shortfall is broad-based across all industries and is particularly pronounced in construction, transportation, trade and utilities, and leisure and hospitality, and industries not explicitly classified in JOLTS.
Whether this shortfall is due to (i) mismatch between job openings and unemployed workers,
(ii) reduced recruitment effort by employers, (iii) a change in the composition of vacancies and hires, or (iv) reduced search intensity of unemployed persons, is hard to parse out from the data currently available in JOLTS.
More information about the regional and occupational composition of job openings, hires, and quits would go a long way in helping us distinguish between these issues. Moreover, additional data on search intensity of employers, like for example the number of job offers made, would help us better understand the effort with which they pursue filling the job openings they have.
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Appendix: Mathematical and data details Construction of and from CPS labor market status flows
We construct as the sum of all worker flows in a month from non-participation and from not being part of the civilian working-age population to employment or unemployment. We divide these flows by the size of the labor force within that month. Similarly, we construct as the sum of all worker flows from employment and unemployment to non-participation and to not being part of the civilian working-age population.
Derivation of steady-state condition for the unemployment rate:
Because the labor force in month , denoted by , equals the sum of the number of employed, , and the number of unemployed, , the change in the number of unemployed persons can be written as the change in the labor force minus the change in the number of employed persons. That is .
Normalizing both sides of this expression by the labor force and using the fact that the unemployment rate, , is the ratio of the number of unemployed persons and the size of the labor force, we can write .
Defining the growth rates of the labor force and of employment as
respectively, we can write (2) as (
This simplifies to
Hence, for the change in the unemployment rate to be zero, that is for unemployment to be in steady state, it must be the case that ( ) ( ) . Thus, the unemployment rate is in steady state whenever the growth rate of the labor force equals the growth rate of employment.
Hires as a fraction of the employment level at the beginning of the month.
Denote the number of hires in a month by and the number of job openings reported by . Note that the job openings rate, , is defined as the number of job openings as a fraction of the sum of employment and job openings. The vacancy yield, , is hires per job opening. Given these definitions we can write
This gives us hires as a fraction of the employment level at the beginnining of the month in terms of the employment growth rate, the job openings rate, and the vacancy yield.
Growth rate of employment in terms of JOLTS flow rates.
The JOLTS layoffs and quits rates are defined as a fraction of the current month's employment level. That is, if is the number of layoffs and the number of quits, then the layoff rate can be written as ⁄ and the quits rate as ⁄ . Given these definitions the growth rate of employment equals
Solving the above expression with respect to the employment growth rate yields
which expresses the growth rate of employment in terms of the job openings rate, the quits rate, the layoffs rate, and the vacancy yield which can all be calculated using data from JOLTS.
Differences between CPS employment and Payroll employment.
The employment concept used to construct the unemployment rate is based on the Current Population Survey while the employment concept used in JOLTS is based on the Establishment Survey. These concepts differ both conceptually as well as in terms of their sampling error. As a result, the employment growth implied by the Establishment Survey does not always coincide with that on which the unemployment statistics are based. Here, we briefly describe how we account for these differences in our calculation of the fitted Beveridge curve. Just like above, we denote CPS employment as . We denote payroll employment as . Because of the definitional discrepancies,
. We take care of this approximation error as follows. We write
When we define relative size of the employment measures and the adjusted difference in the two employment growth rates measures respectively as and ( )
then we use that
We then solve for the Beveridge curve for the particular values ̅ and ̅ , which are their sample average over the pre-recession period.
Log-linear decomposition of the Beveridge curve gap.
Given the regressions
the results of which are reported in Table 1 , the fitted Beveridge curve that we consider defines the unemployment rate as an implicit function of the job openings rate, , through the fitted steady state condition
The aim of our decomposition is to figure out how this implicit function would change when the ̂'s change. This can be done through the application of the implicit function theorem. This yields
All variables 
Decomposition of deviation from fitted flow rates by industry.
Here we derive the decomposition for the vacancy yield. After the derivation we briefly discuss how it can also be applied to the layoffs and quits rates. The most important thing to realize for this decomposition is that the aggregate vacancy yield is a share-weighted average of the industryspecific vacancy yields, where the shares are the industry's share in total vacancies.
For this derivation we denote the aggregate vacancy yield again by and its fitted value by ̂.
We use as the industry index and for the industry-specific vacancy yield and ̂ for its fitted value. The share of industry in total job openings is denoted by and its sample average over the pre-recession period is ̅ . This allows us to write
such that
Hence the deviation of the vacancy yield from the fitted vacancy yield can be decomposed into four parts: The first measures the difference between the current vacancy yield and that which would have been observed if the distribution of vacancies across industries was constant at its prerecession average. The second term reflects the change in the fitted vacancy yield in case one corrects for the deviation of the current cross-industry distribution of vacancies from its prerecession average. The third term reflects the contribution of each of the industries to this difference due to their actual vacancy yields deviating from their historical average. The final part is the aggregation error that reflects that the vacancy-share-weighted fitted vacancy yields do not exactly aggregate to the aggregate fitted vacancy yield.
The only thing we used for this decomposition is that the aggregate vacancy yield is a shareweighted average of the industry-specific vacancy yields. This is also true for layoffs and quits rates. The aggregate layoffs and quits rates are employment-share-weighted averages of the industry-specific ones. Hence, we can apply a similar decomposition to those flow rates. 
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